In preparation for a proposed large-scale food fortification program in Cameroon, we completed a nationally representative, cross-sectional, cluster survey to assess the consumption patterns of four potentially fortifiable foods (refined vegetable oil, wheat flour, sugar, and bouillon cube) by women and children. Thirty clusters were randomly chosen in each of three ecologic zones (south, north, and large cities) and 10 households (HH) per cluster were selected, each with a child 12-59 mo old and a primary female caregiver 15-49 y old (total 1002 HH). Blood samples were collected and food consumption was assessed by FFQ and 24-h dietary recall. Anemia (39% of women, 58% of children) and deficiencies of iron (15-32%, 21-70%), zinc (77%, 70%), vitamin A (22%, 35%), and vitamin B-12 (28%, 27%) were common, especially in the north and among HH with lower socio-economic status (SES). Oil was consumed by 54% of HH, whereas .75% of HH consumed wheat flour, sugar, and bouillon cube. For most foods, coverage was lower among HH with lower SES. On average, oil, wheat flour, and sugar were consumed once per day and bouillon cube was consumed twice per day. Median intakes of oil, wheat flour, sugar, and bouillon cube (among consumers) were 19.8, 79.4, 30.0, and 1.9 g/d for women and 12.0, 49.4, 19.4, and 0.9 g/d for children, respectively. Food consumption patterns of high risk population subgroups must be considered, along with technical feasibility and cost, for the selection of appropriate vehicles for food fortification.
Introduction
Micronutrient deficiencies are prevalent in Cameroon (1, 2) and likely contribute to increased morbidity and mortality (3) (4) (5) . A national survey conducted in 2000 found that 39% of children 1-5 y of age had serum retinol concentrations , 0.70 mmol/L (without adjustment for elevated acute phase proteins) (1) . The prevalence of anemia among women of reproductive age (hemoglobin ,110 g/L for pregnant women and ,120 g/L for nonpregnant women) and children 6-59 mo (hemoglobin ,110 g/L) was 45 and 70%, respectively, in 2004 (2) . Although the prevalence of zinc deficiency has not been specifically measured, the high prevalence of stunting among children 0-59 mo old (32%) suggests that zinc deficiency may also be a public health problem (2, 6) .
Food fortification is considered a cost-effective strategy to improve micronutrient status (7) (8) (9) and numerous studies have documented the efficacy and effectiveness of fortification programs (10) (11) (12) (13) . However, program effectiveness depends on selection of appropriate food vehicles and adequate levels of micronutrients in the fortified food, which require accurate baseline assessments of food and nutrient intakes, appropriate regulations and quality control measures, and continuous program monitoring and evaluation. Moreover, the fortified foods must be consumed by the population groups most at risk for micronutrient deficiency (14) .
The WHO recommends collecting detailed information on dietary intake and nutrient status prior to designing and initiating food fortification programs (15) . In preparation for large-scale food fortification in Cameroon, we completed a national survey to assess the consumption patterns of four potentially fortifiable foods (refined vegetable oil, wheat flour, sugar, and bouillon cube) that were previously identified by local experts to be most feasible for fortification.
The primary goal of this study was to measure the coverage, frequency of consumption, and amount consumed of these four foods among Cameroonian women of reproductive age and children 12-59 mo old in three major ecological zones. Additionally, we investigated the relationship between fortifiable food intake and socioeconomic, geographic, and biological risk factors for micronutrient deficiency to assess whether fortification of selected food vehicles would reach those at greatest risk for biochemically determined micronutrient deficiency. Finally, we assessed the extent to which the addition of selected micronutrients to multiple foods, rather than a single food vehicle, would affect the proportion of the population covered by a mass fortification program.
Materials and Methods
Study design. This was a nationally representative, cross-sectional, multi-stage cluster survey of women of reproductive age (15-49 y) and children (12-59 mo) in the Republic of Cameroon. The study design and data collection methods have been reported in detail elsewhere (16) . Dietary intake data, anthropometric measurements, and biochemical indicators of nutritional status were collected from individual women and children, and socio-economic and demographic data were collected at the HH level.
Participants. HH 7 in which there was a child 12-59 mo old and a primary adult female caregiver (15-49 y old) were considered eligible. These two groups are at increased risk for nutrient deficiencies and thus are the primary target groups for food fortification. Children 6-12 mo old were not included, because they generally consume limited amounts of non-breast milk foods, so they are less likely to benefit directly from mass fortification programs. Although there is concern that children 12-23 mo also may not consume sufficient amounts of staple foods to be affected by such programs, these children were included in the survey to assess the extent to which they might benefit from the program, even if their complete nutrient requirements are not met.
Sampling. This study employed a multi-stage, cluster sampling design. The sampling area (the entire country) was divided into three ecological zones based on assumed similarities in dietary habits and nutritional status: 1) north, consisting of the three northernmost provinces representing the arid Sahel (North, Extreme North, and Adamaoua); 2) south, consisting of the seven remaining provinces with the exception of the two largest cities, representing the humid tropics; and 3) large cities, consisting of Douala and Yaoundé, two urban areas that together make up ;20% of the total population.
Thirty clusters (villages or city neighborhoods) were selected according to the probability-proportional-to-size method using 2005 census data from the Cameroon Central Office of Census and Population Studies (French acronym: BUCREP). HH within each cluster (;10 HH/ cluster) were sampled using a random start point and systematic selection of adjacent HH. Additional lactating women were also systematically recruited to obtain five breast milk samples per cluster; results from the breast milk analysis will be presented separately.
Informed oral consent was obtained from the index woman (the child's primary female caretaker) with permission from the head of HH. Local guides assisted with sampling and witnessed consent. The study was approved by the Cameroon National Ethics Committee and the Institutional Review Board of the University of California, Davis.
SES and dietary data collection. Trained interviewers completed the SES and FFQ and conducted 24-h dietary recalls. In most cases, the interview was conducted in a language understood by the respondent (e. g., French, Pidgin, Fulfuldé, Bamiléké, etc.). However, a translator was necessary in ;8% of cases.
Demographic and SES information was collected via questions relating to the number of HH members in various age groups, primary HH language, occupation, employment status, and educational level of the head of HH and the index woman, and sources of energy for cooking and lighting, waste disposal facilities, and access to water. Interviewers also recorded observations of housing material and HH possessions. Pregnancy status was determined by self-report.
Consumption frequency of the 4 target food vehicles was assessed using an FFQ (a modified version of the Fortification Rapid Assessment Tool) (17) . Participants were asked how many days in the past 7 d they had consumed each food vehicle in each of several preparations (e.g., sugar in baked goods, sugar in coffee/tea, sugar in carbonated beverages, etc.). For each food consumed, participants were then asked how many times per day they (or the index child) had consumed that food on the most recent day that they consumed it.
To calculate the amount of fortifiable food consumed by both women and children, dietary data were collected in participants' homes using 24-h recalls. The recall protocol was based on a method specifically developed for use in low-income African populations with low literacy rates (18) . Several days before the dietary interview, participants were provided with a list of pictures of local foods and were asked to place a mark next to foods that they consumed on the day prior to the scheduled dietary assessment. The marked food list was used as a memory aid during the dietary interview on the following day. On the interview day, the participants were asked to report all foods eaten on the previous day, from the time they woke up to the time they went to sleep again. The dietary interview used a multiple pass method; an increasing level of detail was requested on each pass through the day. Detailed descriptions of all foods and quantities consumed were recorded. The amount of food consumed was estimated using the index woman's HH utensils where possible. An interviewer tool kit, including an electronic scale, graduated cylinders, precalibrated bowls and cups, and various HH utensils, was also provided to assist with estimating the amount of each food consumed. Quantities were measured in grams, where possible, or in terms of volume. Any recipes prepared by the index woman on the previous day were also recorded, including the amount of each ingredient and the total quantity prepared. In one randomly selected HH per cluster, this process was completed a second time on a nonconsecutive day to obtain duplicate recalls for a 10% subset of participants. For this report, consumption of fortifiable foods was calculated to identify appropriate vehicles for food fortification. Analyses of nutrient intakes to estimate optimal levels of fortification will be presented separately.
Anthropometry. The weights of each woman and child were measured to the nearest 0.1 kg by battery-powered electronic scales (Seca 899; Seca Weighing and Measuring Systems), which were tested daily with certified calibration weights (19) . Caregivers were asked to remove shoes, hats, and outer clothing (e.g., jackets and sweaters). Children were weighed nude or lightly clothed (i.e., with underwear or diaper). For children ,2 y, length was measured in duplicate to the nearest 0.1 cm using a portable length board (Seca 416 Infantometer; Seca Weighing and Measuring Systems). The standing height of caregivers and of children $2 y was measured in duplicate to the nearest 0.1 cm using a portable stadiometer (Seca Leicester Portable Height Measure; Seca Weighing and Measuring Systems). Anthropometric Z-scores were calculated according to the WHO standard (20) .
Blood collection and processing. Trained phlebotomists collected 5-7 mL of blood by antecubital or metacarpal venipuncture into certified trace element-free tubes containing lithium heparin as an anticoagulant (Sarstedt). International Zinc Nutrition Consultative Group recommendations for the collection and processing of blood samples for zinc analysis were followed (6) . Due to the nature of the survey, the time of day of collection and time elapsed since the previous meal (i.e., fasting state) could not be standardized; however, these variables were recorded. Hemoglobin was immediately measured in whole blood using a portable photometer (Hb201+, Hemocue).
After collection, blood samples were immediately placed into insulated coolers containing cold packs. Within 2 h of collection, samples were centrifuged for 10 min at 2500 3 g to separate plasma in the field (Hermle Z206A, Hermle LaborTechnik). Plasma was aliquoted into sterile polypropylene cryovials using an adjustable pipette with sterile polypropylene tips. To prevent degradation of light-sensitive analytes, samples were aliquoted under dim light and cryotubes were wrapped in aluminum foil. Samples were frozen on the day of collection and stored at # 2208C until analysis.
Laboratory analysis. Five plasma proteins were analyzed by a combined sandwich ELISA method (21) . Ferritin and sTfR were measured as indicators of iron status. CRP and AGP were measured to serve as indicators of infection to assist in interpretation of the other biomarkers of nutrient status. Inter-assay CV were: ferritin, 3.1%; sTfR, 2.8%; CRP, 6.5%; and AGP, 3.5%. RBP was measured as an indicator of VA status (2.7% inter-assay CV). We also measured plasma retinol by HPLC (inter-and intra-assay CV were 5.0 and 2.8%, respectively) in a subset of women and children to determine a population-specific RBP cutoff, as reported elsewhere (22) . Plasma zinc was measured by inductively-coupled atomic emission spectrometry (inter-and intra-assay CV were 4.8 and 7.0%, respectively) (23) . Plasma vitamin B-12 and folate were measured by using a SimulTRAC-SNB RIA kit (57Co/125I) (MP Diagnostics). Inter-assay CV were 6.9 for folate and 10.8% for vitamin B-12.
Data analysis. Data were analyzed with SAS 9.2 using the SAS survey procedures to account for the sampling design. Descriptive statistics were calculated for all variables. Continuous variables were examined for adherence to a normal distribution using the Shapiro Wilkes W and examination of histograms and transformed where necessary. Continuous variables were compared using survey regression procedures (SAS PROC SURVEYREG) and Spearman correlations. Categorical variables were compared using chi-square tests and survey logistic regression procedures (SAS PROC SURVEYFREQ and PROC SURVEYLOGISTIC).
SES data were subjected to factor analysis to create an SES score, which was divided into quintiles. The primary factor explained 64.4% of total variance. Plasma concentrations of RBP and ferritin were arithmetically adjusted for the presence of infection (CRP .5 mg/L and/ or AGP .1 g/L) prior to analysis (24, 25) . Using linear regression analysis, plasma zinc concentrations were adjusted for CRP, AGP, time of day of blood collection, time elapsed since previous meal, and time from blood collection to centrifugation. To estimate results at the national level, weighting factors were applied to adjust for the different population sizes of each study region. Weighting factors were also applied at the cluster level to adjust for slightly different sample sizes in each cluster (e.g., 9 or 11 instead of 10). Weights were calculated as the inverse probability of selection.
Coverage of a fortifiable food was defined as whether or not an individual reported consuming a selected food at least once in the week prior to the survey. Weekly frequency of food intake was calculated only among individuals who reported consuming the food at least once in the previous week and was computed as the product of the number of days an individual had consumed a selected food over the past week and the number of times per day the individual had consumed that food on the most recent day on which the food was consumed. Additive coverage provided by each vehicle was calculated according to the assumption that the fortification program will begin by adding VA to refined vegetable oil and iron, zinc, and selected vitamins to wheat flour and that the program may be expanded to include other food vehicles as necessary.
Food portion sizes from the 24-h recalls were converted from volume to grams, where necessary, using conversion factors derived from the USDA National Nutrient Database for Standard Reference (26), manufacturers' labels, and data collected in the field. For mixed food items containing one or more potential food vehicles, the food was excluded if it was not produced in Cameroon or if it was not considered fortifiable (e.g., sugar in carbonated beverages). Vegetable oils that are produced at the HH or village level and not centrally processed (e.g., unrefined groundnut oil and RPO) and semolina products (e.g., pasta) were also excluded. The amount of fortifiable food per gram of mixed food was estimated using recipe data collected in this study and nutrient composition information from product labels and food composition tables (26) . Intake of fortifiable foods from recipes was estimated by calculating the amount of fortifiable food in the recipe and multiplying this amount by the proportion of the recipe that the respondent consumed (18) . The amount of each food consumed on the recall day was then summed for each individual. For individuals for whom 2 d of data were available, the results of both interviews were averaged. Coverage of a food in the previous day was defined as consumption of at least 1 g/d for refined vegetable oil, wheat flour, and sugar, and any nonzero amount for bouillon cube.
We assessed the extent to which the potential food vehicles reached groups at risk of micronutrient deficiency by comparing coverage of the four foods and frequency and amount of consumption among risk categories. Individuals who reported not consuming a food in the past week or day were excluded from comparisons of weekly consumption frequency and amount consumed on the previous day, respectively. Although the ideal target populations for fortification with micronutrients consist of individuals who are in fact deficient in the selected micronutrients, it is not feasible to assess individual micronutrient status in large populations. Thus, we defined two groups of target populations: one based on biochemical risk factors (deficient or not) and one based on social/geographic/demographic indicators associated with the risk of biochemical deficiency.
Specifically, using biological indicators of risk of micronutrient deficiency, we assessed women and children with and without low plasma RBP [RBP ,0.83 mmol/L for children or ,1.17 mmol/L for women (22) ], low iron stores (ferritin ,12 mg/L for children or ,15 mg/L for women), low tissue iron (sTfR .8.3 mg/L), low plasma zinc concentration (plasma zinc ,660 mg/L for nonpregnant women, ,500 mg/L for pregnant women, or ,650 mg/L for children), anemia (hemoglobin ,120 g/L for nonpregnant women or ,110 g/L for children and pregnant women), low plasma vitamin B-12 (B-12 ,210 pmol/L), and low plasma folate (folate ,10 nmol/L) and children with and without stunting (height-for-age Z-score , 22).
For the second category of risk groups (social/geographic/demographic), we compared the three ecological zones of the study, SES quintiles, urban compared to rural location, male compared to female children, children of different age groups (12-23, 24-35, 36-47, or 48-59 mo), and pregnant, lactating, and NPNL women.
Results

Characteristics of participating and nonparticipating HH.
The field team visited a total of 1970 HH, in 1384 of which there was a child 12-59 mo and a woman 15-49 y (Supplemental Fig. 1 ). Of these latter HH, 1207 HH consented to participate in the survey. Insufficient data were available on HH that were eligible but did not consent to participate (n = 177) to compare with eligible HH that did give informed consent.
Of the 1207 HH that consented to participate, 1002 participated in data collection (FFQ, 901 HH; 24-h recalls, 912 women and 882 children; blood samples, 879 women and 847 children). Among the 205 consenting HH that did not participate in data collection, reasons for nonparticipation were that the child or woman was unavailable or ill on the day of sample collection, or the desired sample size for the cluster was achieved prior to the HH visit.
The proportion of consenting HH that did not participate differed by region (south, 20%; north, 5%; large cities, 23%; P , 0.001); thus, we compared participants and nonparticipants following stratification by region. In the south, HH that consented but did not participate (n = 90) were more likely to have wooden walls rather than cement or earth walls (31% among nonparticipants vs. 19% among participants; P = 0.021). In the north, nonparticipating women (n = 17) were older (29.8 vs. 26.0 y; P = 0.03), more likely to live in an urban area (65 vs. 36%; P , 0.01), and less likely to live in homes with earthen walls and floors (P , 0.05 for both). In the large cities, nonparticipating women (n = 98) were slightly more likely to live in a HH with a female head of HH (23 vs. 16%; P = 0.052). There were no other differences between participants and nonparticipants in housing material, interview language, interpreter use, sex and level of education of the head of HH, and age of the index woman or child.
Approximately one-half of the interviews were conducted in French, although this proportion varied by zone ( Table 1) .
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Target groups for food fortification. Anthropometric variables ( Table 2 ) and risk of micronutrient deficiency differed greatly by region ( Table 3 ). In particular, women and children in the north generally had lower micronutrient status than participants in the south and large cities (P , 0.05). SES quintile was positively associated with biomarkers of micronutrient status, except in the case of plasma folate, in which the reverse was true, and plasma RBP concentration, which was not correlated with SES. However, relationships between SES and micronutrient status were attenuated and less consistent within zones. In the south, SES was positively associated with plasma zinc and vitamin B-12 among women and with hemoglobin, plasma vitamin B-12, and height-for-age Z-score in children and was inversely associated with plasma folate among women. In the north, SES was positively associated with plasma zinc, both biomarkers of iron status, and hemoglobin concentration among both women and children, and negatively associated with plasma folate among women. In the large cities, SES was negatively associated with both biomarkers of iron status among children only (r = 20.16, P = 0.01 for ferritin and r = 0.12, P = 0.053 for sTfR; n = 242).
Associations between urban or rural location and micronutrient status within each zone were not significant (data not shown), with the exception that children in the rural north had higher infection-adjusted RBP concentrations than children in the urban north. Women's physiological status (i.e., pregnant, lactating, or NPNL) was related to indicators of micronutrient status; generally, pregnant women had a lower micronutrient status than NPNL women. With and without stratification by zone, child age was positively associated with hemoglobin and biomarkers of iron status. Child age was also negatively associated with plasma zinc concentration in the south and north (data not shown). In the north only, female children had slightly higher hemoglobin than male children (107 vs. 104 g/L; P = 0.06). There were no other differences in micronutrient status indicators by child sex.
Coverage of fortifiable foods in the previous week. Both the coverage of the four fortifiable foods (i.e., the proportion of individuals who reported consuming a selected fortifiable food at least once in the week prior to the survey) and the patterns of coverage by ecological zone and by socio-demographic and geographic risk factors were similar among women and children. Therefore, for simplicity, only the results for women are presented in Table 4 . Refined vegetable oil was consumed at least once in the previous week by 54.1% of women and 53.1% of children. In contrast, .75% of women and children had consumed each of the 3 other potentially fortifiable foods in the previous week (92.2 and 93.7% for wheat flour, 78.5 and 85.6% for sugar, and 95.5 and 93.0% for bouillon cube, for women and children, respectively). For all foods except sugar, the proportion of women and children who consumed the food in the previous week was positively related to SES, although the absolute differences in coverage were greatest for oil (42.0% in the lowest vs. 80.8% in the highest SES quintile). The relationship between SES and coverage of fortifiable foods was attenuated when the analyses were stratified by zone. However, the proportion of women and children who consumed oil remained significantly positively related to SES in the south and large cities. Additionally, SES was positively related to consumption of flour among women in the large cities and bouillon cube among children in the north. SES was also positively related to sugar consumption among women and children in the north and women in the south. Consumption of oil and bouillon cube, but not wheat flour or sugar, was greater in urban areas than in rural areas for both women and children, but the majority of these differences were no longer apparent following stratification by zone. Refined oil was consumed by a smaller proportion of lactating women than NPNL women (47.7 vs. 57.4%). Child age was related to coverage of bouillon cube (90.4% at 12-24 mo vs. 100.0% at 48-59 mo; P , 0.001) but not to coverage of refined vegetable oil, wheat flour, or sugar. There was no difference in coverage of any food by child sex.
Coverage of fortifiable foods by biological risk group.
We also assessed whether the coverage of the 4 fortifiable foods differed among individuals with and without biochemically determined micronutrient deficiency. A greater proportion of anemic women consumed oil, wheat flour, and sugar compared to nonanemic women (60.1 vs. 50.5%, P = 0.014 for oil; 95.4 vs. 90.0%, P = 0.013 for flour; 82.1 vs. 76.2%, P = 0.035 for sugar). In addition, a greater proportion of women with low plasma folate consumed bouillon cube (100.0 vs. 95.1%; P , 0.001).
A larger proportion of children with ferritin ,12 mg/L (vs. ferritin .12 mg/L, 62.6 vs. 50.2%; P = 0.012) and a smaller proportion of stunted children (vs. nonstunted, 45.6 vs. 56.9%; P = 0.011) consumed refined vegetable oil. In addition, a smaller proportion of children with low iron status (90.5 vs. 94.8%, P = 0.040 for ferritin and 92.6 vs. 96.8%, P = 0.011 for sTfR) and anemic children (vs. nonanemic, 91.1 vs. 96.5%; P = 0.002) consumed flour in the previous week, although the coverage was .90% in all cases. Likewise, the proportion of children consuming bouillon cube in the previous week was slightly lower among children with low iron status (87.0 vs. 94.6%, P = 0.001 for ferritin and 91.5 vs. 96.2%, P = 0.008 for sTfR, respectively) and anemic children (vs. nonanemic, 90.6 vs. 95.9%; P = 0.004). However, coverage of sugar was greater among children with low plasma RBP (89.0 vs. 83.7%; . NPNL, nonpregnant, nonlactating; HAZ, heightfor-age Z-score; WAZ, weight-for-age Z-score; WHZ, weight-for-height Z-score. 2 P values indicate differences among zones. 3 BMI results exclude women who reported being pregnant at the time of the survey. P = 0.042). There were no other differences in the coverage of fortifiable foods among women and children with and without risk of biochemical micronutrient deficiency. In summary, there was differential coverage of fortifiable foods among some groups with and without biochemical micronutrient deficiency. However, the differences in coverage were relatively small (,12% in all cases).
Weekly frequency of consumption. Weekly frequency of consumption of the fortifiable foods (among those who had consumed the food in the previous week) was similar among women and children, although children consumed wheat flour and sugar slightly more often than did the women (P , 0.01 for both). Spearman correlation coefficients for weekly consumption frequency of women compared to children were 0.87 for Fortifiable food intake in Cameroon 561 refined oil, 0.73 for wheat flour, 0.52 for sugar, and 0.66 for bouillon cube (P , 0.001 for all). Thus, only the results for women are presented in Table 4 . On average, women and children consumed refined vegetable oil, wheat flour, and sugar at least once per day and consumed bouillon cube twice per day. Frequency of intake of refined vegetable oil and wheat flour, but not bouillon cube, varied by zone among both women and children (Table 4) . Children, but not women, in the south consumed sugar less frequently than did children in the north and large cities (7.7 vs. 11.3 and 10.9 times/wk, respectively, for children). Weekly frequency of intake of refined vegetable oil, wheat flour, and sugar, but not bouillon cube, increased with SES, although this was partly explained by regional differences in SES.
Weekly frequency of consumption of wheat flour was greater among urban than rural women and children, but this relationship was not significant after stratifying by zone. There were no differences in frequency of consumption of selected fortifiable foods by women's physiologic status or child sex. There was also no difference in frequency of consumption of fortifiable foods among children of different ages, except a slightly greater consumption of bouillon cube among children aged 36-48 mo (P = 0.044).
These results indicate that all of the foods were consumed relatively frequently (by those reporting any consumption in the previous week), although weekly frequency of consumption varied somewhat by zone and SES group.
Consumption of fortifiable foods on the previous day. The amount of each food consumed on the previous day (among those who consumed the food at all on the previous day) also varied by zone ( Table 5) . Among women, SES was positively correlated with the amount of refined vegetable oil and wheat flour consumed, but not with the amount of bouillon cube consumed. Interestingly, there was an inverse correlation between SES and the amount of sugar consumed by women (among women who consumed sugar in the previous day; Spearman's r = 20.18, P , 0.001). Among children, the amount of oil and wheat flour consumed was positively correlated with SES, but there was no relationship between sugar or bouillon cube consumption and SES.
Women and children in urban areas consumed more wheat flour than those in rural areas (98.1 vs. 74.4 g/d among women; 73.2 vs. 45.7 g/d, among children; P , 0.01). However, there were no differences in the amounts of refined vegetable oil, sugar, and bouillon cube consumed between urban and rural areas. Child age was positively associated with wheat flour consumption (48.7 g/d at 12-24 mo vs. 78.0 g/d at 48-59 mo; P , 0.001), but there were no other relationships between child age and the amount of fortifiable food consumed. There were also no differences in fortifiable food consumption between male and female children.
These results suggest that the four potentially fortifiable foods are consumed in reasonable amounts by individuals who consume these foods and that fortification therefore could be expected to have a positive impact on their micronutrient status.
Coverage of combinations of food vehicles. Because the National Fortification Steering Committee initially decided to fortify oil with VA and wheat flour with iron, zinc, and selected vitamins, we also examined the potential increases in coverage if multiple foods were fortified (Fig. 1) . Fortification of wheat flour, sugar, or bouillon cube with VA would substantially increase the proportion of the population that consumes fortifiable foods as compared to fortification of oil only (from 54 to 87-97%, depending on which additional food is fortified). With regard to fortification with minerals, wheat flour alone covers a large proportion of the population (92% of women and 94% of children consumed wheat flour in the previous week). Thus, fortification of an additional food such as bouillon cube would only slightly increase the proportion of the population covered, though it may increase the amount of a nutrient available to the target groups.
Because wheat flour, sugar, and bouillon cube each reach .80% of the population studied; we examined whether there is any benefit to fortifying oil at all. We calculated the proportion of women that consumed oil but not one of the other food vehicles. Only 8.5% of women consume oil but do not also consume sugar, 2.1% of women consume oil but do not also consume flour, and 1.4% of women consume oil but not bouillon cube. The VA status of women and children who consumed oil but not sugar, flour, or cube did not differ from that of women and children who consumed oil and a second food vehicle. Therefore, fortification of oil in addition to another food vehicle would cover a slightly larger proportion of the population, but this additional coverage would not consist of HH with a greater risk of VAD (data not shown). Interestingly, many HH that did not consume refined vegetable oil instead consumed village-produced, unrefined RPO, a natural source of provitamin A carotenoids. Nationally, 26.3% of women consumed both RPO and refined oil, 31.3% consumed RPO only (54.6% in the south), 27.7% consumed refined oil only, 10.9% consumed another unrefined oil (e.g., groundnut oil), and 3.7% did not consume oil during the previous week. In the north, where prevalence of VAD is the greatest, 30.4% of women consumed unrefined groundnut oil only and 5.6% reported consuming no oil in the previous week.
Discussion
The results of this national survey indicate that the consumption of potentially fortifiable foods varies by ecological zone and SES among women and children in Cameroon. Overall, a high percentage of targeted groups consumed wheat flour, sugar, and bouillon cubes, but a somewhat lower percentage consumed refined vegetable oil. Women and children in the north, where VAD was more common, were less likely to consume vegetable oil. Likewise, lower SES groups, who are generally at greater risk of deficiency, were less likely to consume all four selected foods, although the absolute differences in coverage of wheat flour, sugar, and bouillon cube were relatively low. There was some evidence of differential coverage of fortified foods among individuals with and without biochemical evidence of micronutrient deficiency; however, the differences were relatively small and not in a consistent direction. In general, respondents who did consume each selected food consumed the food fairly frequently and in reasonable amounts, although the frequency and amount consumed varied by ecological zone and SES. Thus, mass fortification of these food vehicles could be expected to have a positive impact on population micronutrient status. It is interesting to note that the youngest children (12-23 mo) reportedly consumed similar amounts of fortifiable foods as the older children, with the exception of wheat flour. Although mass fortification would likely not cover all of their needs, one could expect some improvement in nutrient intakes and status even among young children in this population who consume fortified foods.
We report for the first time, to our knowledge, national-level data on iron, zinc, vitamin B-12, and folate status in Cameroon. We found that risk of iron and zinc deficiency is widespread Fortifiable food intake in Cameroon 563 among women and children. A substantial proportion of women and children is also at risk of vitamin B-12 deficiency, but low plasma folate concentration is less common. VAD is a public health problem among children, but not women (27) . Although 77% of mothers reported that their child had received a VA capsule within the past 6 mo, high-dose VA supplements likely have only a temporary effect on VA status (28) . Thus, VA supplementation alone is not sufficient to affect the prevalence of biochemically defined VAD nationally. Additional interventions, such as fortification and/or dietary modification, are needed. In general, the prevalence of biochemically determined micronutrient deficiency was greatest in the north region, lower SES groups, and younger children. Thus, these would be the highest priority target groups for food fortification. We found slight differences between HH that consented to participate but were not available on the day of data collection and HH that participated in the study. These differences were mainly explained by the low rate of nonparticipation in the north compared to the south and large cities. Within each region, the few remaining differences affected a relatively small proportion of the population. Thus, it is unlikely that any differential participation affected the main conclusions.
The WHO suggests collection of detailed dietary and biochemical data prior to initiating a mass fortification program (15) . This is one of few nationally representative surveys of food intake and nutritional status in sub-Saharan Africa and offers a unique opportunity to apply the WHO guidelines for the development of a national food fortification program. The only other detailed national survey of food intake and nutritional status was conducted in South Africa among children 1-9 y in 1999. Following that survey, the country instituted mandatory fortification of wheat and maize flour with multiple micronutrients (29) .
The criteria for selecting a food vehicle for fortification include technical feasibility (addition is physically possible, does not affect food quality, nutrient is absorbed, and the number of producers is limited), cost (of fortification process and fortificant premix), and coverage. Before coverage information was available in Cameroon, a preliminary decision was made to fortify refined vegetable oil with VA and wheat flour with iron, zinc, and selected vitamins, based on technical considerations and likely cost. It was agreed that this decision would be reviewed once food consumption data were available. This decision is reasonable given the much lower cost of oil fortification compared with other food vehicles (30) . However, because of the relatively low coverage of refined vegetable oil nationally and particularly in the north region, fortification of other food vehicles (i.e., of sugar, wheat flour, or bouillon cube with VA, with or without concurrent oil fortification) should be considered if found to be technically and financially feasible. All 3 vehicles can be fortified with VA, although the maximum possible fortificant levels may vary (31) . The cost is similar for the three other vehicles; all are ;10 times greater than the cost of oil (30) . However, the potential for excessive nutrient intake should also be considered when multiple foods are fortified. The role of RPO in meeting VA requirements is interesting in this context. RPO is locally produced and less expensive than refined oil (although in some areas, RPO is heated or bleached, a process that destroys the carotenoids, prior to use in cooking). Interestingly, women in the south who consumed RPO with or without refined oil had greater infection-adjusted RBP than women who consumed refined oil only (1.58 vs. 1.40 mmol/L; P , 0.01); however, there was no such relationship among women in the north or large cities or children in any zone. Promotion of RPO consumption (including advising against bleaching) should be explored as a possible complementary intervention to improve VA status.
In summary, the high prevalence of micronutrient deficiencies indicates that interventions are needed to improve the micronutrient status of Cameroonian women and young children. Our data suggest that mass fortification could reach a large proportion of the population. However, targeted interventions will still be needed for younger children (who consume small amounts of fortifiable foods) and population subgroups that do not consume fortifiable foods. Further analysis of the 24-h recall data will provide estimates of nutrient consumption and thus allow for detailed simulations of the effect of different fortification levels on the prevalence of inadequate and excess nutrient intakes.
